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Thesis Summary
Wetlands are extremely important ecosystems that serve key ecological functions
and a variety of values and uses for humans. These hard-to-replicate natural provisions are
called ecosystem services. Wetland ecosystem services include filtering and storing water,
cooling air temperatures, growing useful plants, sequestering carbon, providing habitat for
game species, absorbing airborne pollutants and controlling erosion. Wetlands are areas
that have surface water or wet soils for some or all of the year, soils distinct from nearby
uplands, and plants that are adapted to wet conditions. Historically, wetland management
in many regions meant draining and removal of wetlands. As wetland ecosystem services
were recognized, people became more concerned about preserving wetlands. In 1971, the
Convention on Wetlands of International Importance generated agreement and plans for
restoring and protecting wetlands. Wetland restoration seeks to preserve, repair and reestablish marsh areas with the goal of restoring or maintaining ecological function and
ecosystem services. Constructed wetlands are engineered water management systems
designed to restore marsh communities that perform those essential ecosystem functions.
One of the largest wetlands in the world was the Mesopotamiam Marshlands in
southern Iraq (also known as the “Awhar”). The 40,000 km2 of marshes in the alluvial plain
of the Tigris and Euphrates rivers supported continuous urban civilization for 6000 years.
Beginning in the mid-twentieth century, dams built upstream impacted water flow to the
marshes. Then, in 1991, the government of Iraq had the entire marsh ecosystem drained.
The entire ecosystem collapsed, and with it the human communities that depended on the
ecosystem services. The most significant ecosystem service lost was the marsh’s role in
cleaning and storing water. Due to the marshes, southern Iraq had never needed extensive
wastewater treatment infrastructure, and with no natural system to remove toxicants and
filter water, the rivers and streams of southern Iraq became extremely polluted with human,
agricultural and industrial waste. Restoring water quality and growing economic prosperity
in the region are two areas of significant concern to locals, the national government, and
international organizations. Maintaining and Restoring Sustainable Hydrology in Iraq
(MaRSHiI—“Marshy”) is a program to restore key ecosystem services by constructing
wastewater treatment marshes using polluted streams that feed into the main rivers around
Basra—the Shatt Al-Arab and the (manmade) Shatt Al-Basra. The project is a partnership
between the University of South Carolina and University of Basrah, as well as government
officials and members of the Basra community. MaRSHiI is also investigating using
constructed wetlands to treat wastewater and support fish farming in southern Iraq. The
integration of constructed marsh wastewater treatment with fish farming is the focus of this
report.
There are numerous examples, from all over the world, of constructed wetlands
being used to treat wastewater. The Florida Everglades and Georgia’s Phinizy Swamp are
two excellent models for constructing wastewater treatment wetlands in Iraq. There are
also regional examples, of both successes and failures, from Kuwait, Bahrain, the United
Arab Emirates, Saudi Arabia, and Oman. Following the ousting of Saddam Hussein in
2003, over 50% of the drained marsh areas in southern Iraq were reflooded. These
reflooded areas have seen the recovery of some fish species and plant communities,
however they are susceptible to drought and have poor water quality. Water flow continues
to be low due to dams and canals built upstream in Iraq, Turkey, Syria and Iran.
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One potential avenue for marsh restoration and fish production in Basra is
aquaculture and aquaponics. Aquaculture is the farming of fish. Aquaponics combines the
production of fish and water-loving plants (like rice, microgreens or reeds). The existing
fishing industry in Iraq is relatively small, and mostly supports local consumption. Fish are
not an export for Iraq. The current aquaculture industry in Iraq is also quite small, although
it is being expanded, including through a partnership between carp fingerling hatcheries
and USAID. Water quality is a significant barrier for aquaculture and aquaponics in Iraq.
Several studies have found that marsh and river water is has high salinity; high levels of
heavy metals, organics and other toxicants; low dissolved oxygen; and high water
temperatures in the summer. In spite of this, a number of farms including Alsabah have
been successful producing carp. Carp are a non-native species that were introduced in
southern Iraq in the 1950s, because they can tolerate poor water quality and high water
temperatures.
One idea for cleaning polluted water and growing the aquaculture industry is to
construct hybrid wastewater treatment and fish farm systems. While a PhD student at the
University of Basrah, Dr. Jassim Al-Maliky created a constructed marsh testbed that
intakes raw sewage water from the university, passes it through three phytoremediation
stages, and outputs clean water that passes WHO drinking water standards. The next step
in this project is to constructed larger treatment marshes that could treat all of the
wastewater from University of Basrah, which has allotted land for the project. Wastewater
would flow into ponds filled with substrate, reeds, and microbial communities that filter
and sequester toxins. Carp could be introduced at the final stage: surface flow ponds where
coontail (Ceratophyllum sp.) both oxygenates the water and provides high-protein feed for
the herbivorous carp. Based on estimates from the productivity of Alsabah fish farm and
the volume of wastewater at University of Basrah, such a system could potentially generate
more than 1200 kg of fish per year. In addition, if successful, this treatment marshaquaponics system could serve as a model for creating similar systems around Basra and
in other parts of southern Iraq.
More research is needed on water quality and the public health implications of using
marshes to treat wastewater and grow fish. In addition, few Iraqis are familiar with marsh
restoration and management possibilities. Any large-scale restoration and water treatment
project needs to involve local community members in planning, implementation and
maintenance.
The next step is to build an integrated wastewater treatment marsh and aquaponics
test system at the University of Basrah. The goal of this document is to serve as a reference
for that process, providing context, an overview of the available literature and data, and
necessary tests and additional data. It will be distributed to MaRSHiI participants, regional
collaborators, implementing institutions throughout Iraq, and potential funders for the
implementation of wastewater treatment marshes and aquaponics in Iraq.
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Abstract
Wetlands provide key ecosystem services that sustain human communities. The
Mesopotamiam Marshes of southern Iraq continuously supported civilization there for
6000 years. A combination of upstream damming and intentional draining by the Iraqi
government led the entire ecosystem to collapse, devastating local human communities.
One of the most significant ecosystem services lost was water remediation, filtration and
storage. Following the collapse of the marshes, water quality in southern Iraq declined to
the point of being deleterious to human health and barely useful for farming or fish
production. Wastewater treatment wetlands are a potential solution for restoring wetlands
and remediating polluted water. A testbed marsh at the University of Basrah (UB) was able
to clean university sewage water to drinking water standards, and researchers at UB plan
to scale the test marsh up to a larger marsh that can treatment all university wastewater.
Additionally, this marsh could be connected to an aquaponics operation producing reeds
and carp. The long-term goal is to use marshes to treat wastewater and then use cleaned
water to farm fish. Based on the productivity of a large fish farm in southern Iraq, and the
volume of wastewater produced at UB, such a system could produce over 1200 kg of fish
per year.
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Introduction
The destruction of the Mesopotamian marshes is one of the greatest anthropogenic
ecological disasters of the twentieth century (Partow 2001). Recovering from that disaster
is a complex challenge that will be ongoing for many decades. The following four chapters
will discuss the disaster, possibilities for wetland restoration and the integration of
aquaculture with restored wetlands. First, here are a few terms and key ideas that will be
useful in understanding the rest of this report.

Wetlands and Constructed Wetlands
There are many kinds of wetlands. Generally, all are characterized by: the presence
of water at the surface or saturating the soil, for some or all of the year; soil conditions that
are distinct from nearby uplands; and vegetation communities made up of hydrophytes
(plants adapted to wet conditions) and drought-intolerant flora (Mitsch and Gosselink
2015:29). Although wetlands come in many forms, the kinds of wetlands that will be
predominantly referenced in this paper are fresh-to-brackish marshes (American usage)
also called reedswamps (British usage). These wetlands are dominated by reeds, grasses,
rushes, and sedges, especially Phragmites australis (common reed) (Mitsch and Gosselink
2015:35).
Historically, “wetland management” in much of the world, particularly the Western
world, meant draining wetlands. The 18th–20th centuries saw widespread draining, filling
and destruction of wetlands in the United States: of wetlands present as of first European
contact, less than half remained as of the 1980s (Dahl and Allord 1994), and since then,
losses have not only continued, but since 2004 have been accelerating in coastal regions,
with an average loss of 80,000 acres per year (Dahl and Stedman 2013). In the 20th century,
marsh management science developed alongside growing recognition of the criticality of
marsh habitats for ecosystem services provision. Ecosystem services are critical values and
uses provided by ecosystems “for free” that are either irreplaceable by human engineering,
or prohibitively costly for humans to replicate. Aside from aesthetic appreciation and
recreational activities, marshland ecosystem services include filtering water by removing
or sequestering toxicants, absorbing and storing excess water, cooling air temperatures,
growing useful plants, sequestering carbon, providing habitat and browse for fish, birds
and other domestic and game animals, absorbing airborne particulate matter and improving
air quality, and controlling erosion.
In 1971, the Convention on Wetlands of International Importance in Ramsar, Iran
adopted a mission of " the conservation and wise use of all wetlands through local and
national actions and international cooperation, as a contribution towards achieving
sustainable development throughout the world" (Ramsar Convention Secretariat 2014b).
Specifically, member countries agreed to formulate and implement “wise use” of wetlands
in their territories, develop national wetland policies, designate at least one wetland in their
territory for the List of Wetlands of International Importance (also called Ramsar Sites),
cooperate over shared wetland areas and species, and emphasize protecting water fowl
(Mitsch and Gosselink 2015:522).
The convention entered into force in the United States of America on 18 December
1986. Since then, we have seen the establishment of various wetland protections and
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restoration projects, including the Compensatory Mitigation rule in the Clean Water Act,
which states that if any wetland is destroyed or degraded as a result of human activity, an
equal amount of wetland must be restored, established, enhanced or preserved. This can be
done through designating mitigation banks—sites where water resources are restored or
preserved to offset destruction, through an in lieu fee program that pays a governmental or
non-profit natural resources management entity to satisfy compensatory mitigation
requirements, or through permittee-responsible mitigation, in which the party affecting
wetlands directly restores wetlands (EPA 2008).
In Iraq, two decades of warfare meant that the Ramsar Convention did not enter
into effect until early 2008. Since then, four sites (the Hawiza, Central, and Hammar
marshes, plus Sawa lake) with a combined surface area of 537,900 hectares have been
designated as Wetlands of International Importance (Ramsar Convention Secretariat
2014a). Of these, the marshes all lie within or border Basra Governorate, the focus area of
this study.
Wetland restoration seeks to preserve, repair and re-establish marsh areas with the
goal of restoring or maintaining ecological function and ecosystem services. The goals of
modern wetland management include maintaining good water quality, reducing erosion,
protecting non-marsh areas from floods and storms, providing a natural system to process
air and water pollutants, creating a buffer between urban residential and industrial areas,
sustaining wetland biodiversity, producing wildlife, controlling insect populations and
serving as spaces for scientific inquiry. Management systems try to take advantage of
natural attributes of wetlands to support conservation, however restoration and
management of wetlands may require planting hydrophilic flora, creating ditches and
canals to direct water, and building islands or other geological features (Mitsch and
Gosselink 2015).
Constructed wetlands are engineered (usually waste-)water management systems,
designed to harbor microbial and macrophyte communities that perform those essential
ecosystem functions that remove and sequester contaminants, neutralize toxicants, and
reoxygenate water. Many constructed wetlands are integrated into wetland restoration
programs. Over time, constructed wetlands can evolve into multi-tiered ecosystems that
supply the full range of ecosystem service benefits outlined above.

Aquaculture and Aquaponics
Aquaculture is the farming of fish (The Aquaponic Source 2017). It can take place
in industrial farming warehouses or in natural or constructed waterbodies outdoors.
Aquaculture may be industrial scale farming, or just raising a few fish for a single family
to subsist. Cage- and net-based aquaculture of heat- and pollution-tolerant fish can be a
good food source for poor communities living in environmentally degraded areas (Salman
2011).
Hydroponics is growing plants without soil, typically in water. We often associate
this with growing microgreens. Aquaponics is the combination of aquaculture with
hydroponics (The Aquaponic Source 2017). Combining fish farming with certain kinds of
plant production, such as rice, microgreens or reeds, can be beneficial to both the fish and
plants. Fish waste provides nutrients for the plants, while the plants filter the water for the
fish. Nitrifying bacteria and worms also play a key role in this system, breaking down fish
waste to make nitrates and compost that are useful to plants (The Aquaponic Source 2017).
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In the United States and much of the Middle East, aquaponics typically occurs in
large greenhouses at an industrial scale. However, it can take other forms. Both aquaculture
and aquaponics can be developed on a small scale, using local ponds, streams or other
outdoor, uncontrolled water resources. A few fish cages or one small fish pond can provide
subsistence and income for a family. Aquaponics can be used to grow reeds and native
hydrophytes to help to restore an ecosystem or feed fish.
Because of its high tolerance for poor water quality and deoxygenation, one
common fish for aquaculture is carp. A study in Papua New Guinea found the following
average yields for different forms of carp production:
Table 1: Estimates for carp production from FAO (“Appendix 4: A Guide to Carp Growing, Carp Cultivation and the
Highlands Aquaculture Development Center” 1986)

Carp is the primary candidate for aquaculture in Iraq, so these numbers provide a useful
reference for productive potential. However, lying immediately south of the Equator (0°10° south latitude), Papua New Guinea is an island country with a tropical climate
characterized by wet monsoon seasons and dry seasons. Its average annual rainfall varies
across the island nation due to its location along the inter-tropical convergence zone, but is
between 1190 mm and 3150 mm. Temperatures in Papua New Guinea range from 33°C in
the summer to 23°C in the winter (Pacific Climate Change Science Program 2011). In
contrast, southern Iraq is mostly surrounded by land, and lies at 30° north latitude. It is a
desert climate with an annual average rainfall of 152 mm. Summer temperatures are similar
to Papua New Guinea, but winter temperatures dip as low as 10°C (“Climate:Basra” 2017).
The different ecosystem dynamics in southern Iraq and Papua New Guinea mean that fish
production in the two places will likely be different.
That said, carp production in Iraq can be successful and profitable. In 2008,
USAID-Inma Business Program began a partnership with Iraq’s Ministry of Agriculture to
work with Iraq carp hatcheries to improve carp aquaculture productivity. The program
introduced new genetic stock from Hungary to increase breeding quality, and addressed
issues of water aeration, fish food quality, transportation and training. In 2008, hatcheries
produced 12 million fingerlings. By 2012, they produced 180 million (USAID 2013).
In the remainder of this paper, I will summarize the collapse and present state of
recovery of the southern Iraqi marshes, review wetland restoration and management around
the world with a focus on wetlands for wastewater treatment, discuss the potential for
creating an integrated wastewater treatment-aquaponics system in Basra, and describe
remaining questions and next steps for that project.
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Chapter 1: Collapse of the Mesopotamian Marshes

Figure 1. Iraq is one of the most water-rich countries in the Middle East. The Tigris and Euphrates River flow through
Iraq and converge to form the Shatt Al-Arab, which drains into the Gulf (CIMI 2010). The Amara-Nasiriyah-Basra
triangle, known as “the Awhar,” has been a checkerboard of marshes and lakes since about 650 CE.

The Mesopotamian marshlands in the Tigris and Euphrates river delta, an area known in
contemporary times as “the Awhar,” and during antiquity as Sumer and Mat Tamti (the
Sealands), have sustained civilization for 6000 years (CIMI 2010). Once the largest
marshland in Asia, this riparian ecosystem encompassed over 15,000 km2 of permanently
inundated and deep water marsh, and 40,000km2 of upstream and seasonal marshes
(Partow 2001, Richardson and Hussain 2006). The region has been perpetually urban, with
the location of major cities and ports following hydrologic changes in the prograding delta.
Through modern times, Mesopotamian cities have been dependent on the water system.
Densely populated urban centers aligned along river channels supported by extensive
agriculture in the marshes managed by communities commonly referred to as the “Marsh
Arabs” (Salim 1962, Thesiger 1964) (Figure 2). The millennial-scale resilience of these

11
cities was possible because of the
ecosystem services the marshlands
provide. These key ecosystem
services include: cleaning and
storing fresh water, supporting the
fishing industry by providing a
habitat for fish migration and
spawning, and providing a habitat
for various endemic and migratory
species of mammals, birds, and fish.
Date palm, rice and other agriculture
relies on the wetlands. Reeds grown
in the marshes are used as animal
Figure 2. Agrarian communities lived in the marshes, farming
fodder, and were the primary
reeds, dates, and water buffalo. They built floating island
villages, called Chubayah, using reeds (CIMI 2010).
construction material used in ancient
cities and in modern marsh
settlements. The sustainability of the metropolitan region requires a robust marshland to

Figure 3. Urban centers mostly clustered along rivers in southern Iraq (CIMI 2010).
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Figure 4.Dams on Tigris and Euphrates Rivers (CIMI 2010).

provide these resources (Pournelle 2013).
The construction of dams by Iraq, Turkey, Syria and Iran (Figure 4) introduced a
water management technique completely different from those that were practiced in the
Tigris and Euphrates river system for over 6000 years. Downstream irrigation canals and
dykes were replaced with upstream hydroelectric projects (Partow 2001). Early
construction in the 1950s mainly redirected floodwater to create irrigation reservoirs. The
first hydroelectric dam projects were built in Iraq in the early 1960s. Iran, Turkey and Syria
soon began building dams as well (Partow 2001). Turkey's GAP project, which was
completed in the 1990s, had enormous ecosystem and downstream impacts. It includes 22
dams and 19 hydropower plants, and can store more water than the entire Euphrates river
(Partow 2001). The GAP project, along with a variety of other dam projects in the region,
including at least 12 more in Turkey alone (Mitsch and Gosselink 2015), transformed the
Euphrates basin. Maximum flow in the Euphrates dropped by more than two thirds and
maximum discharge period shifted from April-May to January-February, as most of the
flow came from snow melt (Partow 2001). Storage capacity of dams in the basin are five
times the annual flow of the Euphrates river and twice the annual flow of the Tigris, and
reduced joint flow into the Awhar by 90% (Partow 2001). In addition, water that did make
it to the marshes was typically very poor quality. Return waters from farmlands made the
rivers saline, and silt impoundment behind the dams, compounded by algal build-up
released downstream impacted the marsh ecology (Partow 2001). Upstream damming
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completely altered the flow regime of the massive Mesopotamian system, and threatened
the livelihoods of the people who depended upon it. However, the marshes would likely
have remained ecosystemically functional, if diminished in total area, if upstream damming
had remained the only threat.

Figure 5.Disappearance of the marshes. Many areas were reflooded in 2003 and 2004, however a drought in 2008
dramatically reduced the marsh expanse again (CIMI 2010).

In 1991, Saddam Hussein ordered drainage of the Awhar and forced removal of
marsh residents, as revenge on southern Iraqis for assisting American troops during the
first Gulf War. Efforts to drain or restrict water flow downstream from Baghdad had been
ongoing for several decades prior: work on the Main Outfall Drain (MOD), which came to
be known as Third River or Saddam River, began in 1953. While the project was originally
instigated for irrigation drainage, to prevent field salinization in central Iraq, it was
subsequently expanded to de-water seasonal marshland for agriculture. Nevertheless, due
to poor productivity of dewatered areas, such efforts were largely abandoned, and the MOD
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system had relatively little impact on the marshes themselves until after the late 1980s
(Partow 2001).
In 1990, the MOD became the centerpiece of the massive project to drain and polder
the entire marsh system. It was expanded with pipes that circumvented and ran underneath
marshes, canals that redirected water for irrigation, and dams that prevented backflow into
the marshes from adjacent rivers. Water from the Euphrates was redirected into irrigation
ponds upstream of the marshes, while outflow from the Karun, Karkeh, and Tigris rivers
was shunted directly into the Gulf. To increase drying speed, marsh areas were poldered
(divided into small sections using dikes) so that water would evaporate more quickly
(Partow 2001). The Ataturk Dam—the largest piece of Turkey’s GAP project—also
opened in 1990, further reducing water supply to the Iraq marshes. In 1997, an additional
canal cut off remaining water supply to Al Hammar Marsh.
Between the loss of water flow from dams and government-sanctioned poldering,
by 2002, only 10% of the marshes remained (CIMI 2010, Mitsch and Gosselink 2015)
(Figure 5). Of the three major marsh sections—Al Hawizeh, Central and Al-Hammar—
only about 35% of original Al Hawizeh marsh survived (CIMI 2010, Richardson and
Hussain 2006). 97% of the Central marsh and 94% of Al-Hammar marsh collapsed (Partow
2001) and the remnants were fragmented into 10 small sections (CIMI 2010). In 2001, the
Karkheh dam was built along the Iraq-Iran border in 2001, cutting off all water supply from
the Karkheh river in Iran, which had sustained a portion of the Al-Hawizeh section of the
Iraq marshes. All in all, it only took 10 years for one of largest wetland ecosystems in the
world to completely collapse (Partow 2001).
The human population in the marshes fell from 400,000 to 80,000 people (CIMI
2010). Villages were bombed and bulldozed, thousands of marsh dwellers were killed, and
thousands more fled to Iran or congregated
on the outskirts of southern Iraq cities,
especially near Basra. Even as the inflow of
refugees swelled, the city itself felt the loss
of the ecosystem services the marshes had
provided. The livestock, orchard, and
fishing industries were decimated. The
region experienced massive fish die offs
(Pournelle 2016). Mammal species such as
the smooth-coated otter went extinct, and
over 1 billion migratory birds were
seriously impacted (Kitto and Tabish
2004). Reeds were no longer readily
available for building materials and animal
fodder, and the reeds in the fragmented
marshes that survived were and continue to
be overharvested for livestock feed
(Pournelle 2016). With the marshes no
longer there to buffer extreme desert
temperatures, summer heat intensified.
Figure 6:Massive dust storm over the Persian Gulf
Marsh plants that had sequestered a variety
(Schmaltz 2008)
of toxins and heavy metals in their root
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balls were gone, resulting in heavy contaminant loads at water intake points. Wind carried
toxin-filled silt that had been the marsh soil in massive dust dorms that traversed the Persian
Gulf and triggered spikes in asthma and respiratory infections, especially among children
and the elderly (Alsamarai et al. 2009).
The most devastating result of the destruction of the marshlands was the loss of
easy access to clean water. Upstream damning severely reduces water flow in the Tigris
and Euphrates rivers, and, without the marshes for filtration, the water that reaches Basra
is highly polluted from agricultural runoff, petroleum production, and human waste. The
city of Basra now struggles to meet its water needs. The city experienced a 10- to 100-fold
decrease in water quality following the loss of the marshes (Pournelle 2016). Basra has
only one operating urban wastewater treatment plant. Most treatment facilities in the region
are inoperable or operating at limited capacity (CIMI 2010) and simply cannot meet water
treatment needs. Much of Basra is not connected to any wastewater treatment system,
because prior to draining, the creeks that traverse the city were flushed twice-daily by “tidal
push,” when, at high tide, sea water pushed back against river flow, forcing fresh water
into the creeks, which then drained as the tide receded. Now there is no tidal flushing, and
most Basra neighborhoods are served only by open sewers (Pournelle 2016). Used plastic
water bottles litter the area, as people are dependent on bottled water for drinking.
In addition, streams and aquifers in southern Iraq have become increasingly saline
over the last 40 years, which has a negative impact on both drinking water and agriculture.
In 1973, 2.5 million hectares of farmland became uncultivable and every year thereafter,
another 6,000 to 12,000 hectares have been lost to salinization. Historically, salinization
was managed by flushing with freshwater, but this is not possible, given the lack of
available freshwater and salinization of aquifers (Schnepf 2004).
Ecological and human recovery from the loss of the marshes will require wideranging intervention. One method for restoration is to use marshes for wastewater
treatment. The ecological success of wastewater treatment wetlands is difficult to gauge.
Evaluating the success of mature re-constructed wetlands globally, and looking at the
productivity of aquaponics systems in southern Iraq specifically, provide two avenues for
estimating how bioproductive wastewater treatment marshes in Iraq could be. This report
provides a preliminary estimate of potential bioproductivity of these marshes, by
examining precedent in other countries; analyzing existing data from Iraqi fish farms; and
proposing next steps.

Restoring and Reconstructing Wetlands
Following Saddam Hussein’s ouster in 2003, local residents deconstructed and
removed many dikes and dams, resulting in wide-spread reflooding. About 55% of the
marsh area was temporarily re-flooded between 2003 and 2006 (CIMI 2010). However,
simply reflooding the region does not result in recovery of the marsh ecosystem. The
Center for the Restoration of the Iraqi Marshlands (CRIM) has laid out a goal to restore
70% of the area encompassed by the wetlands in 1973. CRIM hopes to at least maintain
the marshes at their current area, which is 38% of the 1973 expanse. With no effort to
sustain and restore the marshes, they are expected to decrease to just 4% of their size in
1973 (CIMI 2010).
Hawizeh is the most intact marsh, with flow from the Tigris and, until recently, the
Karkheh River (CIMI 2010). In recent years, the marshes have attained some protected
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status. Hawizeh was designated as a Ramsar Wetland of International Importance in 2008,
the Central Marsh was made a National Park in 2013, and both of these, plus Hammar
Marsh, became a UNESCO World Cultural Heritage site in 2016 (Sulaymaniyah 2016).
Various government and academic groups—including researchers from the University of
South Carolina—are working on marsh restoration in southern Iraq (described in more
detail in Chap 2). Successful wetland restoration and wastewater treatment marshes from
the United States and other countries in the Middle East provide models for marsh
reconstruction.

Barriers to Restoration
The largest barrier to water restoration is decreasing water availability. Iraqi's water
needs are projected to be 95 billion m3 by 2020. There will not be enough water for
population and agriculture, much less marshes (Richardson and Hussain 2006). 70% of
water entering Iraq comes from river flow controlled by Turkey, Syria and Iran. As of
2010, the Tigris and Euphrates River basin has 36 dams in operation—nine in Iraq, six in
Iran, 15 in Turkey and six in Syria—and 21 under construction or planned—five in Iraq,
10 in Iran and six in Turkey (CIMI 2010). Projects like The GAP project in Turkey,
Karkheh Dike on the Iran-Iraq border, and Tabqa Dam in Syria severely reduce Iraq's water
supply (Richardson and Hussain 2006).
In addition, much water is siphoned from the rivers upstream of the marsh region
for agriculture. Iraq experienced an expansion in irrigated agricultural cropland from 2500
km2 in 1973 to over 11,200 km2 in 2009, served by 43,136 km of irrigation canals. This
expansion occurred concomitant with draining of marshes and collapse of the date and fruit
orchard industries in the south, with devastating impact on the marshes, especially during
and after the 2008–2009 drought, during which time even more water was taken from the
rivers for agriculture, and little was left to flow downstream (CIMI 2010).
The petroleum industry is also a large consumer of water. Iraq is the world’s sixth
largest oil producer (EIA.gov 2016), the majority of which originates in the marsh region
. Petroleum return water has high levels of mercury and other pollutants. It is toxic to plants
and animals, and makes local people, especially children, sick.
Political and social dynamics pose barriers to restoration as well. City dwellers in
Basra and other urban centers are suspicious and dismissive of the Marsh Arabs who now
reside in refugee shanty-towns around the cities. Urbanites are disinclined to work with
those refugees they view as “uncivilized” and to some extent even blame the Marsh
communities for the local ecological disaster (Pournelle 2016). At a larger scale, marshes
occupy territory in three Iraqi governorates—Basra, Maysan and Thi Qar—and
cooperation between the governorates is necessary for restoration (CIMI 2010). Finally,
there is a lack of enforcement and compliance with laws and penalties regarding pollution
and wastewater management. Fiscal unpredictability, lack of response from administrators,
and ignorance of other solutions are larger problems than corruption or lack of respect for
clean water laws. Bureaucratic and administrative processes send fines and complaints to
Baghdad, so reporting of violations does not benefit the community. There is no trust in
the government to fix the problem (Pournelle 2016).
Restoration and effective long term management requires accommodating a range
competing interests (CIMI 2010). A minimum water allocation for Iraqi marshes should be
established, and the Ministries of Water Resources, Agriculture, and Oil need to collaborate
with the Center for Restoration of Iraqi Marshes and other groups working on restoration
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(Richardson and Hussain 2006). Incentives must be in place for prevention and mitigation,
rather than criminalization (Pournelle 2016). Policymakers, scientists and community
members seeking to manage wetlands can emulate successful practices employed in the
restoration of places like the Everglades (Sklar et al. 2005) and learn from mistakes like
those made in Doha (Pournelle 2016).

Questions
Numerous questions remain about the possibility of restoration in the marshes.
• How is success defined? Is the goal to restore wetlands to the same level of function
as before draining, or to reach a lower level of ecological function? (Mitsch and
Gosselink 2015)
• What are potential problems associated with re-flooding the marshes? (Richardson
and Hussain 2006)
• How serious are issues of salinity, soil toxicity and water quality? (Richardson and
Hussain 2006)
• Can native species revive in areas that have been drained and isolated from native
populations? (Richardson and Hussain 2006)
• How quickly can marsh health be assessed? (Richardson and Hussain 2006)
• Will there be enough water? (Richardson and Hussain 2006)
• Would the Marsh Arabs return to live in the marshes? (Richardson and Hussain
2006)
• Can constructed wetlands aid fisheries? (Pournelle 2016)
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Chapter 2: Wetland Management and Restoration Around the
World
Efforts to restore wetlands and use constructed wetlands for aquaponics and
wastewater treatment are increasingly common worldwide. In 1971, the Convention on
Wetlands of International Importance (Ramsar Convention) created a treaty that provides
international protection for wetland ecosystems. Signatory nations are required to promote
wise use of wetlands in their territories, designate at least one wetland for the “List of
Wetlands of International Importance” (known as “Ramsar sites”) and cooperate over
management of shared wetlands. By 2006, there were 150 million hectares of Ramsar sites
in 154 member countries (Mitsch and Gosselink 2015: 521-522). The Middle East is an
emerging region for wetland construction. Examples of successful marsh restoration and
implementation of marshes in aquaponics and wastewater treatment can be found in Qatar,
UAE and Oman, among others. Wetland restoration in Iraq is in its beginning stages and
little data is available. For comparison with efforts in Iraq, in the United States, the
Everglades in Florida and Phinizy Swamp in Augusta, GA provide some of the best
examples of wetland restoration and use of wetlands for wastewater treatment.

United States Wetland Management and Restoration
The US emphasizes no net loss of wetlands, and mandates the creation of mitigation
wetlands when existing wetlands are impacted or destroyed through development,
infrastructure or other projects (Mitsch and Gosselink 2015). In some cases, mitigation
banks are created in advance of projects that will destroy wetlands to make up for loss. A
mitigation bank is defined as “a wetland area that has been restored and protected to
provide compensation for impacts to wetlands” (U.S. Army Corps of Engineers and U.S.
Environmental Protection Agency 2008). Mitigation banks may be preferable to restoring
small sections of wetland, because banks can be large, fully functional wetlands rather than
small pieces of habitat (Mitsch and Gosselink 2015). The US Department of Agriculture
provides support for developing wetlands on farms, both as wetlands that produce crops,
and as fully restored, non-agricultural ecosystems (Mitsch and Gosselink 2015).
The Everglades are one of the best examples of large scale wetland restoration.
Between the 1880s and 1960s, significant portions of the Everglades were drained to create
farmland. The headwaters of Lake Okeechobee were diverted to the Atlantic and Gulf of
Mexico to dry out the marshes. As a result, water tables declined significantly and water
flow was reduced (Sklar et al. 2005). Without plants to secure it, and without standing
marshes to impede water flow, two meters of soil was eroded and carried into the Gulf.
The region experienced widespread saltwater intrusion and the loss of unique tree islands—
areas of slightly higher elevation that dot the Everglades (Sklar et al. 2005). Restoration
required re-establishing the pre-drainage hydrology, including normal flood and drought
patterns, and nutrient flow. Adoption of an adaptive management approach by scientists,
managers and policy makers in the Everglades provided a way to move forward with
restoration and to address these problems. Adaptive management is defined as “a
systematic approach for improving resource management by learning from management
outcomes” (U.S. Department of the Interior, n.d.). In the Everglades, adaptive management
involved leaving room for incorporation of new knowledge, technology, and methods, and
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developing trust between many stakeholders—ecologists, landowners, developers, and
policy makers (Sklar et al. 2005). One of example of a restoration technique applied in the
Everglades was the conversion of farmland to stormwater treatment areas (STAs).
Farmland was reflooded for use in stormwater runoff storage and treatment, and these lands
were eventually integrated with the Everglades ecosystem. The acquisition and conversion
of farmlands was achieved through a federal lawsuit and the creation of the Everglades
Forever Act by the Florida Legislature. 24,000 ha (240 km2) of treatment wetlands were
used as part of restoration efforts (Sklar et al. 2005).
Another key US case study is Phinizy Swamp in Augusta, Georgia. Phinizy is a
wastewater treatment marsh that was constructed by the city of Augusta in a completely
dried and degraded wetland. The region was originally a swamp, drained for farmland in
the late 1700s, and eventually became a polluted dumping site owned by the city of
Augusta. Sewage from Augusta flowed through Butler Creek, a Savannah River tributary
that drains through Phinizy. In 1993, under pressure to improve its wastewater treatment
system, Augusta used this area, adjacent to its existing “hardscape” wastewater treatment
plant, to construct 1100 acres of wetland to perform tertiary water treatment (especially
de-ammoniafication), an addition to the existing 7000 acres of Phinizy Swamp (Phinizy
Center For Water Sciences 2017). Thirty years later, Phinizy is both a climax ecosystem
and meets EPA discharge water quality standards (Phinizy Center For Water Sciences
2017). In a similar, though much smaller project, constructed wetlands were used to treat
failing septic tanks in the Lake Murray region of South Carolina (USDA, n.d.).
These are just three examples of many successful wastewater treatment wetland
systems in the United States.1 These examples are particularly useful models to apply to
constructing marshes in Basra. They are all in humid, subtropical climates just above (GA,
SC) or below (FL) 30°N latitude—the same latitude and similar climate as Basra.
Everglades restoration reflooded marginal farmland to create water treatment areas, as
could be done in Iraq. Phinizy has even more similarities with the marshes to be constructed
in Basra. Phinizy was constructed on government land with goals of addressing water
quality violations; it manages stormwater as well as wastewater; it was constructed in
accordance with federal regulations by private contractors and local labor; and it revitalized
the Butler creek wetland ecosystem. An ideal wastewater treatment marsh in Basra would
look and function similarly. Further, although Phinizy is maintained as a park, it provides
evidence that such a system could be used for harvesting natural resources, for feeding
livestock, or for agriculture, as marshes in Basra hopefully would be. The Phinizy Science
Center also provides a model of how to integrate research and education with management
of a constructed marsh (Pournelle 2016)

Middle East Wetland Management and Restoration
Mitsch and Gosselink draw a comparison between “hydraulic civilizations…which
controlled water flow through…drainage, and aquatic civilizations, which…adapted to
1

Other examples of using constructed wetlands for wastewater treatment and water
management include the U.C. Davis Arboretum-Putah Creek system (Munoz 2013) and
restoring marshes around New Orleans to mitigate sea level rise (Costanza, Mitsch, and
Day Jr. 2006).
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their surroundings of water-abundant floodplains and deltas” and managed wetlands to
make them productive (Mitsch and Gosselink 2015: 479). Wetland management in
southern Iraq fits solidly in the category of “aquatic civilization;” however, dams, droughts,
and demand for water for agriculture, industry and oil production, as well as everyday
human use, exceeding the supply has resulted in the loss of marshes and growing water
crisis.
A number of Persian Gulf cities have attempted to use constructed marshes as part
of water conservation and reuse strategies, to varying degrees of success. Abu Dhabi has
been successful in implementing policy and infrastructure that recovers municipal
wastewater for use in a wide variety of ways. Similarly, Dubai has developed policies and
processes for using treated wastewater in landscaping and agriculture (Pournelle 2016). As
an example of failure, Doha attempted to build a wastewater treatment wetland to deal with
urban waste. While the above-ground ecosystem appeared to flourish, the wetland was
overwhelmed with sewage and insufficiently managed and maintained (Kardousha, Roda
F. Al-Thani, and Nobuyuki Yamagushi 2009). This resulted in groundwater contamination
with human pathogens, and demonstrates that the “build it and leave it” model is not
appropriate for that kind of system (Chatziefthimiou et al. 2016).
There are several other examples of wetland restoration and loss mitigation in the
Gulf. Kuwait, Bahrain and Saudi Arabia have allowed salty return water to flow into salt
marshes, expanding the marshes and supporting the shellfishing industry (Pournelle 2016).
Kuwait, Bahrain and UAE have additionally invested in developing fish farming (Kitto and
Tabish 2004). In Oman, Petroleum Development Oman (PDO) partnered with the BAUER
group to create the Nimr Water Treatment Plant. Nimr is an alternative to disposing of
oilfield produced water through deep-well injection. Produced water from an adjacent oil
field flows through series of ponds, covering nearly 10 km2, populated by hydrophilic
marsh plants and commensal algae and bacteria, which sequester and break down toxins in
the water. Nimr’s oil and water separation stage allows for 70% oil recovery from produced
water. The wetland supports a range of native plant, fish and bird populations. Water
flowing out of the ponds meets standards to be used for irrigation, conversion to drinking
water, and cultivation of algae for fish food, and Nimr has also developed industrial salt
production (Alexandersen, n.d.).
The political pathways established in Abu Dhabi and Dubai, and the systems
developed at Nimr and in Kuwait, Bahrain and Saudi Arabia provide models for how
constructed marshes in Basra could look and function and for establishing community and
political support for such projects. Doha provides a lesson in mistakes to avoid.2

Iraq Wetland Management and Restoration
Following the downfall of Saddam Hussain in 2003, about 3,000 km2 (20%) of the
permanent marshes were reflooded (Richardson et al. 2005). Various plant, animal and bird
species rebounded in the partially revitalized habitat—in particular, those species that can
thrive in saline and polluted water. Various species of carp and catfish (CIMI 2010) and
the common reed (Phragmites australis) (Richardson and Hussain 2006) have done
particularly well. Three studies completed between October 2005 and September 2006
2

Another example of constructed wastewater treatment wetlands in the Middle East is
Lake Manzala in Egypt (Tennessee Valley Authority 1997, El-Sheikh et al. 2010).
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sought to determine species composition and structure of fish assemblages in the re-flooded
Al-Hammar, Al-Hawizeh and Chibayish marshes (Table 2).
Table 2: Fish Species in Al Awhar Marshes. Data from Hussain et al. 2009 (Al-Hammar), Mohamed et al. 2008 (AlHawizeh) and Mohamed et al. 2012 (Chibayish). Marine species were only found in Al-Hammar.

Marsh

No. of species collected

Collection distribution

Al-Hammar

31

Al-Hawizeh

15

Chibayish (Central
Marsh)

14

Native – 14 (45%)
Alien – 6 (19%)
Marine – 11 (36%)
Native – 12 (80%)
Alien – 3 (20%)
Native – 10 (71.5%)
Alien – 4 (28.5%)

The majority of the species were from family Cyprinidae, and the most common species
were L. Abu (native) and C. auratus (alien).3 Pre-draining, the number of species in the
southern marshes was estimated to be between 30 and 35 (Hussain et al. 2009 and
Mohamed et al. 2008). Species composition differed from historic levels, with fewer
freshwater species and more marine and alien species in 2008 compared to 1982 (Hussain
et al. 2009). Species diversity was the greatest in Al-Hammar (Hussain et al. 2009) and the
least in Chibayish (Mohamed et al. 2012). The Al-Hammar study found that temperature
has a stronger correlation with number of species and total number of individuals than
salinity (Hussain et al. 2009). Both the Al-Hammar and Al-Hawizeh studies found that the
most species diversity and richness was in July, and the least in December (Hussain et al.
2009 and Mohamed et al. 2008). It is also noted that desiccation in August 2009 was likely
to have a significant negative impact on species composition in Al-Hammar (Hussain et al.
2009).
A study in 2006–2007 looked at aquatic vascular plant communities in the same
three marshes—Al-Hammar, Al-Hawizeh and Chibayish. The study registered 44 species
in total. The largest number of species, 35, were found in Al-Hawizeh, followed by 27 in
Chibayish and 24 in Al-Hammar. The highest species richness and diversity were also
found in Al-Hawizeh marsh (Al-Abbaway 2009). The study found that aquatic plant
species re-establishment in reflooded marshes was 97% in Al-Hawizeh, and 61% in each
of Chibayish and Al-Hammar, compared to pre-drainage levels. The marshes experienced
the greatest plant cover in summer and the lowest in winter (Al-Abbaway 2009).
One of the largest barriers to wetland restoration in Iraq is poor water quality. Many
reflooded areas experienced high levels of salinity in the water and soil. The water is
polluted with human waste, agricultural runoff and spills and leaks from oil production.
The low volume of water results in high water temperatures in the summer and periodic
drying and reflooding of areas that were once wet year round. Water quality issues will be
discussed in greater detail in the following section.
3

For a complete list of fishes in Iraq, see Eli. “List of Freshwater Fishes for Iraq.” Mongabay,
August 23, 2007. http://fish.mongabay.com/data/Iraq.htm.
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Another water management concern in southern Iraq is international cooperation
around the use of water resources in the region. Turkey, Syria, Iran, and Iraq have yet to
establish a long-term agreement around allocation of water supply and water quality.
Although a number of treaties were established at different points in the 20th century,
international conflicts over water remain a key issue in the region. The Euphrates River is
subject to bilateral arrangements, one between Turkey and Syria, and the other between
Syria and Iraq. The minimum flow levels established in these agreements are frequently
not met (Stevens and Salman 2015). The 1997 UN Convention on the Law of NonNavigational Uses of International Watercourses and the Ramsar Convention may be
helpful in implementing water management arrangements in the region, but so far that has
not been successful. The situation is increasingly urgent as water levels decline. Traditional
Islamic law treats water as a common resource and promotes sharing and allocation of
water throughout the whole society. The establishment of the Mesopotamian Marshlands
National Park in 2013 reflects these values of shared resources (Stevens and Salman 2015).
Maintaining and Restoring Sustainable Hydrology in Iraq (MaRSHiI) is a program
to restore key ecosystem services by constructing wastewater treatment marshes using
polluted streams that feed into the main rivers around Basra—the Shatt Al-Arab and the
(manmade) Shatt Al-Basra. The project is a partnership between the University of South
Carolina and University of Basrah, as well as government officials and community
members from Basra. Key wetland ecosystem services that MaRSHiI aims to restore are:
water filtration, provisioning for animal husbandry, fisheries, water and marsh area for
agriculture and horticulture, urban cooling, storm water control, and reed biomass for
construction material and fuel (Pournelle 2016). The goal is to construct treatment wetlands
that can: enable the local water treatment plant to function properly; collect and clean
petroleum wastewater; and be used to reduce the flow of waste into the rivers and six
streams around Basra that are currently extremely polluted. MaRSHiI is also helping to
develop engineering curricula in Iraq to incorporate ecosystem services concepts
(Pournelle et al. 2017), and investigate the possibility of integrating wastewater treatment
and fish farming. The next chapter analyzes data for fish farming around Basra, to estimate
the potential bioproductivity of reconstructed marshes and additional fish farms there.

23

Chapter 3: Fish Production in Basra
One potential avenue for marsh restoration and fish production in Basra is
aquaculture. Aquaculture and aquaponics could make neglected water bodies productive
by turning them into fish and prawn farms (Salman 2011), creating an economic incentive
to maintain healthy water bodies, provide employment—including for women and youth—
and supply cheap food to local people in a region with high food insecurity (Kitto and
Tabish 2004). Basic aquaculture methods such as fish cages and net enclosures are lowcost and would be effective in southern Iraq, particularly for species tolerant of relatively
low water quality, such as carp or tilapia (Salman 2011). With more community knowledge
and support, as well as gradually improving wetland water quality, fish farms in Basra
could increase significantly in number and productivity (Salman 2011). Next steps could
include increasing production from existing freshwater ponds, integrating aquaculture with
rice farming, developing aquaponics systems to grow fish food (Kitto and Tabish 2004)
and linking wastewater treatment and aquaponics systems. Here, we will look at existing
data on fisheries and fish farming practices, as well as estimates for fish farming
productivity going forward.

Fish Production
In 2001 and 2003, the total production for all fisheries in Iraq was estimated at
22,800 and 32,100 tons live weight, respectively (FAO 2004). Marine fisheries declined
by 12,000–13,000 tons annually from the 1980s through the early 2000s. In 2002, the
marine fish production was 5,000 tons (FAO 2004). Marine fishing is now a purely
artisanal industry. The primary species are shad (Tenuolosa spp), pomphret (Pampus spp)
and mullet (Liza spp) (FAO 2004). Inland fisheries in Iraq produced 18,800 tons of fish per
year between 1981 and 1997. However, that declined to just 8000 tons in 2001 (FAO 2004).
Inland fisheries are primarily based on non-native carp and other Cyprinus spp. Barbus
spp. are the most commonly fished indigenous fish (FAO 2004).
Current fishing techniques include trawl and gill-surrounding-purse and trap nets
on small, unpowered vessels (FAO 2004). Traditional fishing and agricultural practices are
currently not highly productive. Fishing methods such as electro-fishing and poisoning
were outlawed in 2000 (Pournelle 2016), but in some cases are still used and are dangerous
for fishermen and damaging to the environment (Salman 2011).
The mean annual production from aquaculture between 1986 and 1997 was 4,000
tons (Kitto and Tabish 2004). Production may have peaked in 1998, with estimates at 7,500
tons (FAO 2004). It then declined rapidly to just 1745 tons in 2000 (Earthtrends 2003) and
2000 tons in 2001 (FAO 2004). Aquaculture production increased significantly by 2007,
with total fresh and marine aquaculture production estimated at 16,000 tons (FAO Fisheries
and Aquaculture Department, n.d.). Approximately 4,000 tons of farmed fish were
produced annually between 1986 and 1997. This included exclusively freshwater fish,
mostly common carp, with some grass and silver carp (Kitto and Tabish 2004).
Carp is an easily cultured fish with high tolerance for poor water quality. Carp was
introduced into in the 1950s, as an experiment to study whether carp could be raised in
Iraqi waters without negative impact on endemic species (FAO Fisheries and Aquaculture
Department, n.d.). Carp was readily adaptable to Iraqi waters, and is now common in the
region. The main cultured species is common carp, with some silver carp and grass carp.
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There is hatchery production of common carp (FAO 2004). There is some research into
farming euryhaline fish like Tilapia or Barramundi, which are tolerant of high and variable
salinity levels. Both Tilapia and Barramundi are warm-water species that were thought
intolerant of cold winter water temperatures in Basra (Ali 2013); nevertheless, fishermen
commonly report catching them in East Hammar marsh—and disposing of them as
“bycatch” as they are considered “no good” for eating (Figure 7: Line-caught Tilapia,
landed at the U. Basrah Marine Science Centre Field Station–Hareer, East Hammar
Marsh.). Native species Bunni (B. Sharpey) and Gattan (Barbus xanthopterus) are also
possible candidates for aquaculture (Salman 2011).
The fishing industry in Iraq employs
12,000 people (Earthtrends 2003), with
about 2700 working in aquaculture and 9300
working in other aspects of the fishing sector
(FAO
Fisheries
and
Aquaculture
Department, n.d.). Per capita food supply
from fish and fishery products in 2000 made
up just 1% of total protein supply
(Earthtrends 2003). The annual trade in
imports of fish and fisheries products in
2000 was 12,000 USD (Earthtrends 2003).
Figure 7: Line-caught Tilapia, landed at the U. Basrah
Few to no fish products are exported from
Marine Science Centre Field Station–Hareer, East
Hammar Marsh. Photo J. Pournelle 2016.
Iraq.

Environmental Variables
The key environmental issues that impact the success of aquaculture in southern
Iraq are high salinity and poor water quality, high water temperature and large seasonal
variation. Productivity will additionally be determined by stockage level—which is
influenced by the availability of fingerlings—and food quantity and quality.
Availability of Fingerlings and Fish Food
Thanks in part to the USAID-Inma Agribusiness Program (described in more detail
below), carp fingerlings are being produced in greater numbers and are more available to
fish farmers. Fish food remains a constraint. Much of the fish food used for aquaculture in
Iraq is produced in Iran and is costly to import. A large fish farm in Basra Governate spent
150,000 USD to import just the raw materials to produce 240 tons of fish food, which the
farm produces on site (Ali 2013). One proposal is to develop fishmeal pellet production in
Basra by growing marsh reeds (mostly Phragmites) to be turned into fish food. Local
production would reduce costs, boost the economic impact of fish farming, and motivate
marsh reed cultivation.
Water Quality
There is limited data on salinity and water quality for fish farms in Basra. However,
there have been a few studies into the water quality of Al-Hawizeh (a natural marsh), AlHammar and Al-Sanaf (reflooded marshes) and the Tigris, Euphrates, Shatt Al-Arab
(Richardson and Hussain 2006) and Al-Garraf (Ewaid and Al-Hamzawi 2017) Rivers. One
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study found that water quality was higher than expected. In this study, Al-Hawizeh had the
lowest concentration of all important ions and the phosphorus level was comparable to that
of the rivers. Dissolved organic carbon was the highest in drained and oxidized marsh
outflows. Al-Hawizeh and the river had much lower dissolved organic carbon values than
the two reflooded marshes. Northwest of Basra, the reflooded East Hammar had highest
phosphorus, which may be related to sampling at several sites where human and animal
waste is released. The Al-Sanaf site had highest levels of nitrogen and of blue-green algae.
Oxygen in the Shatt Al-Arab was severely reduced, probably due to high biological oxygen
demand (BOD) from dumping sewage. PAHs, pesticides, and selenium all showed up in
low levels that fall below EPA recommendations (Richardson and Hussain 2006).When
another reflooded marsh area, West Hammar’s Suq Al-Shuyukh, was compared to AlHawizeh, it appeared to have recovered all key ecosystem functions. However, the authors
noted that Al-Hawizeh may not be a good reference for ecological recovery because AlHawizeh itself is damaged and thus not a good baseline (Richardson and Hussain 2006).
A recent investigation of the distributions and levels of major and minor elements,
and heavy metals in water, sediment, and biota in Al-Hammar Marsh found notably poor
water quality (Al-Gburi, Al-Tawash, and Al-Lafta 2017). Water analysis revealed
unacceptable levels of all physiochemical and biological properties based on WHO
standards for drinking water. Turbidity levels exceeded WHO standards for drinking water,
although pH values were within the accepted limits, except for at one station in the winter.
Calcium, magnesium, sodium, chlorine and sulfide were beyond acceptable limits during
all seasons. Strontium ions were found to be acceptable in some seasons and unacceptable
at other times. Phosphate, nitrate and nitrite were found to be within acceptable limits,
likely because plants and aquatic organisms remove them from the water at a sufficient
rate. Heavy metals including lead, aluminum, boron, iron and manganese were all found in
concentrations that exceed Maximum Contaminant Level Standards. There were higher
concentrations of all ions and heavy metals in the winter compared to the summer. DO
levels decreased significantly in the summer and BOD levels were higher in the summer
Major ion and heavy metal concentrations were lowest at the outflow station, indicating
that the marsh is functioning as a filtration system (Al-Gburi, Al-Tawash, and Al-Lafta
2017).
Sediment analysis found that soils in Al-Hammar are almost universally alkaline
due to high concentrations of calcium and magnesium carbonates. High concentrations of
many ions and heavy metals were detected. Fertilizer use in the region contributes to the
presence of nitrogen, potassium, phosphorus and phosphate, as well as a variety of heavy
metals. Organism analysis found that 10 heavy metals were found in plants and fish at
concentrations several times higher than in the ambient water. Cadmium and cobalt
exceeded permissible levels for consumption in some species of fish, and manganese,
nickel and lead exceeded permissible levels in all fish, including Carassius carassius,
Tilapia zilli and Liza Abu. Many of the key ions were found to come from anthropogenic
sources. Damming, drought conditions and wastewater from agricultural, residential and
industrial (mostly oil return water) sources have contributed to the poor water quality of
the Al-Hammar marsh (Al-Gburi, Al-Tawash, and Al-Lafta 2017).
Overall, reflooded areas have become more saline, but salinity is below
concentrations that affect most freshwater species (Richardson and Hussain 2006). AlHammar had higher salinity than the other areas studied. Problems with salinity, toxins and
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other soil chemistry occur in small areas, but are not found throughout the whole marsh
(Richardson and Hussain 2006). However, salinity has had a significant negative impact
on the large Alsabah fish farm. An abrupt spike in salinity in the Shatt Al-Arab in 2010
killed all of the fish at Alsabah (Ali 2013). Now, salinity and oxygen are carefully
monitored and the inlet and outlet gates are kept sealed when salinity increases (Ali 2013).
A different investigation of salinity found that salinity levels in Basra are estimated to be
higher than 7,000 parts per million. The World Health Organization recommends water for
human consumption have less than 500 parts per million salinity (Zolnikov 2013).
Another study (Al-Maliky, Peterson, and Hassan 2015) looked at water quality in
the Shatt Al-Arab. The results are detailed in the table below. Overall, they found that water
quality in the Shatt Al-Arab was acceptable for fish such as carp in terms of variables like
acidity, dissolved oxygen and water temperature. Water temperature varied seasonally and
was highest in September. Salinity and electrical conductivity increased downstream,
closer to the Gulf.
Table 3: Shatt Al Arab Water Quality (Al-Maliky, Peterson, and Hassan 2015)

Factor

Measurement

Acidity (pH)

-

7.03 – 8.99; mean 8.13
Living things prefer 7-8

Dissolved Oxygen (DO)

-

4.73 mg/L – 13.25 mg/L; mean 8.63 mg/L
Negative correlation between DO and salinity and
EC
Sufficient for living things

Water Temperature

-

10.4°C (Dec.) – 32.1°C (Sept.)
Seasonal variation
Affects evaporation, DO, salinity, pH

Salinity

-

1.07 ppt – 20.12 ppt; mean 5.41 ppt
Increased downstream

Electrical Conductivity (EC)

-

48.40 mS/cm – 1.67 mS/cm
Measures concentrations of salt, chlorine, calcium,
magnesium
Highest downstream

-

Although water quality in the Shatt Al-Arab may be sufficient for fish farming,
aquaculture operations in Basra would likely draw from streams that flow into the Shatt
Al-Arab. These smaller streams have much higher pollution levels from human and
agricultural waste. Additionally, petroleum residues, chlorophenols and hydrocarbons have
been found in the Shatt Al-Arab and in local reservoirs. These are likely due to spills and
leaks of crude oil and petroleum products. High levels of hydrocarbons like benzene,
toluene and benzopyrene are carcinogenic and can be neurotoxic at high doses (Zolnikov
2013).
There is little to no wastewater treatment in Basra. Effluent flows from streams into
rivers and out into the Gulf (Pournelle 2016). Eutrophication and pollution are not
monitored (Ali 2013). The dysfunctional wastewater treatment systems violate state and
federal laws, however, “fiscal unpredictability, administrative stovepipes and ignorance
of… ecosystem service restoration options” mean that no progress is made to improve
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wastewater management (Pournelle 2016). While there are few quantitative measurements
of water quality from Basra streams, there is empirical evidence that water quality in Basra
is poor (Figure 7, Figure 8, Figure 9).

Figure 8. Trash aggregation in a stream in Basra, attracts vermin and leads to toxic algal blooms. Photo: J. Pournelle
2016.

Figure 9.Seven tidal creeks drain through Basra City into the Shatt Al Arab. Photo: J. Pournelle 2016
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Figure 10. Basra City sewage treatment plant effluent discharge into the Basra River. Photo: J. Pournelle 2016.

Fish farming in Basra Governorate
In the 1980s, there were around 2,000 fish farms in Iraq. Between 1982 and 2003,
only 15 fish farms were registered in Basra governorate, and only 6.6% produced fish
(Salman 2011). Across all of Iraq in 2003, there were 1,893 licensed fish farms covering
an area of 7,500 hectares. The average farm size is 4 hectares; ten farms are larger than 100
hectares; and Babel fish farm is the largest at 500 hectares (Kitto and Tabish 2004). Most
of the fish farms in Basra use earthen ponds (Salman 2011).
Ministry of Agriculture and Agrarian Reform Act (Resolution No. 995 of 1985)
allows state-owned, non-arable lands to be converted into fish farms (GOI 1985). This
creates the possibility for expanding the aquaculture industry, however, merely reflooding
farmland areas and adding fish is rarely successful, because it does not account for the
environmental variables and other factors discussed above.
Salman (2011) details at length how aquaculture in southern Iraq could work. Fish
farmers can make use of naturally-occurring water impoundments and building additional
dikes to create more ponds. Fish can be raised in cages and net enclosures, or as a second
crop in rice farms. Salman proposes a number of farming methods. The “ponds with small
partial transect dikes” method (Salman 2011:159) expands on permanent marshes by
creating deeper ponds for fish rearing. Dikes are one to two meters wide and employ water
gates to manage water level. “Ponds with peripheral dikes and ditches” (Salman 2011:159)
incorporates dikes already in place for flood protection. The peripheral dikes method is
most appropriate for temporary marshes that experience flooded and dry seasons. Ponds
can be used for farming other crops during the dry season, and manure left from the fish
nourishes plants.
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Farming fish in fully-enclosed cages is one of the most common methods for fish
farming. Cage farming is good for a single family or small group. This method has a high
yield and good economic return, requires less water than creating ponds, involves minimal
training, is inexpensive and can easily be expanded. Survival rates in properly managed
cages are 98–100%. Cage farming works in almost any existing water body, provides fish
protection from predators, and makes stock management, feeding and harvest relatively
easy. Fish cages can be made out of readily available and fairly cheap materials—like
plastic, reeds or bamboo—that are nontoxic and rust proof. Cages should allow for
maximum water circulation, float, and include a lid to block sunlight (Salman 2011). Wide
net enclosures could also work for fish farming in Iraq, with a number of the same
parameters and benefits (Salman 2011). In identifying sites for cages or nets, water depth,
shelter, weather, water exchange and circulation, water quality, pollution hazards and
existing fishing activities should all be considered. A minimum water depth of 1.5 to 2
meters is necessary for cages, while net enclosures can be in shallower water. The
approximate harvest goal should be 100 kilograms of fish for every 1000 liters (m3) of
water. Fish should be sampled biweekly for weight, length and growth rate, and harvested
after nine months (Salman 2011).
Cultivating rice and fish together is another possibility for aquaculture in southern
Iraq. Integrated farming is an efficient use of agricultural land, can be used over a large
area, and offers a low cost contribution to the production of animal protein. The presence
of fish has been found to increase rice production by 5–15% due to fertilization from fish
excrements and excess fish food, and control of rice pests such as weeds, mollusks and
algae. There are various methods for fish and rice farming, including doing simultaneous
production—where fish and rice are farmed at the same time—or alternate production—
where fish and rice are farmed at different times on the same land—and having 2-5
overlapping harvest periods over the course of one or two years. A fish-rice farm should
be designed as a series of ponds, sufficiently shallow for rice production. Water supply and
flow can be controlled with dikes and screens can be used to contain fish. Ditches dug
around the ponds can facilitate draining and fish refuge. Water level should be easily
adjustable to account for the needs of both products. If producing rice and fish
simultaneously, the species of rice should be tolerant of deeper water necessary for fish.
(Salman 2011). Fish-rice intercropping could support the resurgence of rice agriculture in
Iraq. However, as rice is a bioaccumulator of methyl mercury deposited in paddies
downwind from coal-fired power plants, and airborne mercury is similarly produced oil
flaring upwind from Basra (Rothenburg, Windham-Meyers, and Creswell 2014), levels of
mercury bioaccumulation in rice crops must be assessed before rice farming is reestablished.
Farmed species for any of these methods could include introduced common,
bighead, and grass carp, as well as preferred native barbels such as bunni
(Mesopotamichthys sharpeyi) and gattan (Barbus xanthopterus), and salt-tolerant
euryhaline species. For rice farming, carp is particularly recommended because it can
withstand high water temperatures and low dissolved oxygen content. Depending on the
species, farms could be mono- or polycultures. Developing and maintaining local
hatcheries will make aquaculture easier and more successful (Salman 2011).
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Case study: USAID-Inma Agribusiness Program
In 2008, the USAID-Inma Agribusiness Program began working with fish hatcheries in
Iraq to improve carp fingerling production. Largely due to years of war and a lack of
water, hatcheries were operating at 20% capacity and were producing less than 2 million
carp fingerlings (USAID 2013). The program addressed five main areas of concern for fish
production: water aeration, genetic quality, appropriate fish feed, live haul transport and
proper training for managers. USAID and the Ministry of Agriculture collaborated to
crossbreed carp species from Hungary with species in Iraq, in order to improve health of
the fingerlings. The program also repaired and improved the infrastructure of farms in
Iraq. Just with improvements through the USAID-Inma program, hatchery production
increased to 12 million fingerlings in 2008. By 2011, three years after the cross-breeding
program began, Iraqi hatcheries produced approximately 180 million fingerlings (USAID
2013).
Case study: Alsabah Fish Farm
The Alsabah fish farm was constructed in 2008. A family business, it is the largest
fish farm in the Basra area. Alsabah produces exclusively carp—mostly common carp, as
well as some silver and grass carp. Fish from Alsabah is sold to restaurants in the city of
Basra and at the local fish market. Alsabah competes with fish from farms near Baghdad,
500 kilometers away, and with imported Iranian carp, which makes up 70% of the fish sold
at the Basra fish market (Ali 2013).
The Alsabah farm is 95 hectares in total and 50 of those hectares are used for fish
production. The farm includes six ponds that are 1.5 meters deep, 50 meters wide and 400
meters long, and a feeding canal that is 1.5 meters deep, 10 meters wide and 800 meters
long. The ponds are dried every one to two years and treated with manure and quick lime.
Alsabah uses water from the Shatt Al-Arab, so fish are directly affected by the poor water
quality and high salinity of the river (Ali 2013).
In 2012, Alsabah sold 31,853 fish, weighing 58,360 kilograms (64.3 tons), for
310,000 USD. The ideal market size for a fish is 2 kilograms. The 240 tons of fish food
needed to raise those fish cost 150,000 USD, and other overhead costs totaled 130,000
USD. The farm hoped to reach annual production levels of 100 tons (Ali 2013). Each of
the six ponds began with 10,000 50–250 gram fingerlings of common carp, 1,200 silver
carp and 400 grass carp. A seventh pond is kept for broodstock. Additional fingerlings are
placed in feeding and draining canals. The ponds are stocked three times per year (Ali
2013). Fish are fed through floating silos that are stocked with pellets twice daily. Fish
food is processed on site, but the raw material is imported. Alsabah is interested in
transitioning away from soya and meat-protein based food to algae based foods (Ali 2013),
which would be more sustainable and made of raw materials that could be locally produced.
Native aquatic plants are another potential material that could be made into fish food.
Native plants are potentially cheaper and more efficient. A recent study found that
eutrophication due to excess nitrogen in fish farms is decreases water quality for fish farms
and downstream, and fish farms have to carefully manage waste and feeding to protect
downstream water quality (Craig and Helfrich 2009).
An FAO study in Papua New Guinea estimated that shallow, relatively small carp
ponds in which fish are fed high protein feeds should be able to produce 2,000–5,000
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kg/hectare/year (“Appendix 4: A Guide to Carp Growing, Carp Cultivation and the
Highlands Aquaculture Development Center” 1986). Alsabah is using high protein food
and produced 58,360 kilograms of fish over 50 hectares in 2012, which is about 1,167
kg/ha. If Alsabah meets its goal of producing 100 tons (90,718.5 kg) annually, it will
produce about 1,814 kg/ha. Alsabah could potentially increase its productivity growing
carp by a significant margin.

Figure 11. Left: One of six fish ponds at Alsabah Fish Farm; Right: Carp are fed from floating silos at Alsabah (Ali
2013).

Fish Farming at University of Basrah
MaRSHiI and collaborators at University of Basrah are investigating constructing
a wastewater treatment system that could support fish farming. In this system, reed marshes
would filter effluent from the university. In 2016, Jassim Al-Maliky, then a PhD student at
University of Basrah, successfully created test bed marshes that cleaned urban wastewater
(Al-Maliky 2016a, Pournelle et al. 2017). This test bed consists of two series of three test
beds (Figure 12).
These test marshes use untreated sewage water from the University of Basrah.
Water enters the first bed (1), which has vertical flow. Sewage enters at the top, passes
through a fine-to-coarse gradient substrate planted with Phragmites (common reed), and
exits at the bottom. This first stage encourages anaerobic bacterial communities, and
accomplishes sludge and toxicant removal. Heavy metals and other toxicants are taken up
into the rootballs of the plants, where they are broken down or sequestered by
microorganisms. Organics are converted into plant biomass. In a larger marsh, toxicants
end up being buried deep in the marsh soil and thus are kept out of the food chain and do
not bioaccumulate. The second bed (2) has a horizontal flow, wherein biochemical oxygen
demand (BOD) is significantly reduced. Water passes laterally through a gravel substrate
planted with Typha (cattail) to establish an aerobic bacterial community. At this stage, an
algal bloom occurs, working in conjunction with the cattail to remove excess nutrients
(nitrogen, phosphorus, potassium and ammonia). In the third bed (3), there is no substrate;
only free-floating algal mats and rapid-growing Ceratophyllum demersum (hornwort, or
coontail). At this stage, water is “polished” and fully oxygenated. Coontail makes excellent
fish food for carp, which could also be added at this stage.
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Figure 12. Wastewater treatment marsh testbed built by Jassim Al-Maliky at University of Basrah, as seen from the
university wastewater treatment plant. Photo: J. Pournelle 2016.

Tests of the outflow from this test bed system found significant improvements in
water quality. In particular, alkalinity was reduced, dissolved oxygen levels increased
significantly while BOD dropped, and foecal coliform levels (bioindicators of
pathenogenic contaminants) dropped to zero or close to zero (Table 4).
Table 4: Mixed-Stream Wastewater Quality Before and After Three-Stage Constructed Wetland Testbed Treatment (AlMaliky 2016a)

Factor
Acidity (pH)
Dissolved Oxygen (DO)

Untreated Sewage
8

7-8

0.5 DO mg/L
55 BOD mg/L

4.5 – 12 DO mg/L
0.5 - 5 BOD mg/L

35 logCFU/100 ml

0 – 5 logCFU/100 ml

5.5 mS/cm

~7 mS/cm

5

Total Coliform
Electrical Conductivity (EC)

After Flow-Through

5

The next step is to scale these testbeds up to a constructed test marsh that could
treat all the wastewater from University of Basrah (UB). UB is providing land to build the
marshes. University wastewater would flow through a series of treatment ponds and then
into an aquaponics system that would grow reeds and fish (mostly carp). The herbivorous
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fish could then be harvested and used to produce fishmeal for carnivorous fish farms,
providing a domestic option for fish food production, rather than importing from Iran, and
supporting the larger aquaculture industry. Fish food for the herbivorous fish in the
University of Basrah fish farm could come from a local aquatic biomass pellet mill, which
would further keep production local and support the local economy.
Production levels from Alsabah fish farm and average volume of wastewater at
University of Basrah can be used to estimate the potential productivity of such an
aquaponics system at University of Basrah. The Alsabah fish farm produced 58,260 kg of
fish in 2012 using six ponds that were each 1.5m x 50m x 400m, or 30,000 m3 (Ali 2013),
or 180,000 m3 total volume of fish ponds. Dividing the kilograms of fish by volume of the
ponds gives the average production of 0.32 kg/m3. Wastewater discharge at University of
Basrah is about 6,400 m3/day (Al-Maliky 2016b). Assuming 40% loss to evaporation, that
volume of water could fill 3,840 m3 of aquaponics ponds. With 3840 m3 volume at 0.32
kg/m3 productivity, these could produce 1,229 kg of fish in a year. More studies of fish
farm productivity and constructed wetlands water quality are needed to refine this estimate,
however, this is a reasonably preliminary baseline.
The goal for the test marsh at University of Basrah is to make it function more like
a natural ecosystem providing a range of services, than like a factory farm maximizing only
one (fish biomass). Structuring it as a series of ponds gives managers control over key
variables, including water flow rate and volume, water quality, turbidity, temperature
variability, salinity gradient and plant species and fish food. Unlike the water entering the
Alsabah fish farm from the Shatt Al-Arab, water in University of Basrah’s system could
be carefully tested and monitored.
Phinizy Swamp in Georgia, USA provides a good model for developing a treatment
marsh that functions like a natural wetland ecosystem. Similar to the constructed marsh
planned at University of Basrah, the water entering Phinizy Swamp flows from an adjacent
wastewater treatment plant into a series of ponds, planted with sawgrass and naturalized
with plant and microbial communities that filter the water. While the water entering the
marsh at University of Basrah will be less treated than the water entering Phinizy, the basic
structure is similar, and will function in a similar way. At present, because Phinizy is a
recreational area and not a fish farm, Phinizy does not have any data measuring
bioproductivity for fish or invertebrates. Such data would be useful to provide a
comparative estimate for the marsh at University of Basrah. However, the presence of apex
predator species like alligators and heron, and an abundance of birds and fish, provides
evidence that Phinizy is a highly productive ecosystem. A comparable ecosystem used for
fish farming would be similarly productive.
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Chapter 4: Next Steps and Remaining Questions
Tests and Monitoring
More data is needed on water quality of rivers and streams in Basra, and volume of
wastewater and runoff into those streams. The Hamdan Project collected data on the
characteristics of influent and effluent at the Hamdan Sewage Treatment Plant, which is
located south of Basra and treats water from multiple zones in the city. The project looked
at pH, temperature, total suspended solids, total dissolved solids, biochemical oxygen
demand, chemical oxygen demand, chloride, sulfate, phosphate, electrical conductivity,
ammonia, nitrite, nitrate and hydrogen sulfide. Across these variables, there was significant
improvement in a few, but mostly some to no change between influent and effluent
(Hamdan Project 2016). It would be interesting to measure the same characteristics of the
influent and effluent entering and exiting the test bed marshes at University of Basrah and
compare whether the marshes or the plant are better at treating sewage (Al-Maliky 2016a).
Given that water treatment plants in Basra are overwhelmed and in need of
expansion and repair, demonstrating that marshes are a possible treatment method could
be both politically and economically appealing—and have already met with considerable
enthusiasm by concerned agencies, as demonstrated at a May-June 2016 conference in
Basra (Pournelle et al. 2017). Marshes could be developed to treat raw sewage water or to
perform secondary or tertiary treatment—as at Phinizy Swamp in Georgia, USA—in
conjunction with a treatment plant.
If effluent water—from treatment plants or from marshes—will be used for farming
reeds or fish, it will also be necessary to assess whether the water quality is improved
sufficiently to support healthy aquaponics or aquaculture systems.
One concern that is consistently raised by researchers in southern Iraq is that they lack
access to basic tools for assessing water quality, such as pH meters, coliform testing kits,
and proper titration equipment. Increased funding and international collaboration are
required to help provide such materials. It is possible that the existing memorandum of
cooperation between University of South Carolina (UofSC) and University of Basrah (UB)
could be invoked to create a path to supply testing materials or support water quality
research. For example, collaborators at UofSC could help colleagues at UB secure grants
to pay for materials and to find and order materials. Or, samples could be collected in Iraq
and tested by collaborators at UofSC.
There is also a dearth of information on bioproductivity of wastewater treatment
wetlands. Comparative data on bioproductivity from Phinizy Swamp and the stormwater
treatment areas (STAs) in the Everglades would help to estimate how wastewater a
treatment marsh at UB could handle and how much reeds and fish it could support.
Information on factors like species assemblages and diversity, fish and invertebrate
biomass and water quality would all be useful. The Science Center at Phinizy Swamp
reported that currently they do not have any such data. A possible project for future
MaRSHiI student researchers would be to work with the Phinizy Science Center in order
to study bioproductivity of that marsh. Because Phinizy Swamp is a similar size to the
planned marsh at UB and at a similar latitude with a similar climate, bioproductivity data
from Phinizy would provide applicable estimates for UB.
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Fish farms in southern Iraq also provide estimates for the bioproductive potential of
the marsh at UB. Many fish farms are small—much smaller than Alsabah—and use water
bodies in marshes that were reflooded by unscheduled discharges from the Third River.
This means that these farms are producing fish using wetlands and ponds that have
extremely poor water quality.
An investigation of the productivity of southern Iraq fish farms should have two goals.
The first goal would be to establish how much fish the farm produces with what area, water
volume and water quality. The second goal would be to identify farms that would be open
to expansion using treatment marshes like the marsh at UB. For example, farms that draw
water from exceptionally polluted streams or farms that are adjacent to sewage treatment
plants or dumping sites may benefit from developing a treatment marsh that could then
feed an aquaculture or aquaponics system.
Public health associated with poor water quality is another area in need of extended
research attention in southern Iraq. Twenty percent of the population, and 40% of rural
residents in Iraq lack access to safe drinking water. In Basra, life expectancy is below 60
years. There are very few fully functional hospitals and clinics (Zolnikov 2013). As
discussed previously, water quality in Basra is very poor. It is laden with heavy metals,
petrochemicals and pathogens (Al-Gburi, Al-Tawash, and Al-Lafta 2017).
Following the marsh collapse and Gulf wars, Basra
saw significantly increased incident of cholera,
dysentery and typhoid (Zolnikov 2013). Most
Basrawis drink bottled water, but there is concern
that people are not drinking enough water and that
the water they are drinking lacks important nutrients
such as calcium and magnesium. 2.7 – 3.7 liters per
day is the recommended water consumption for a
human adult, and there are 21 different nutrients and
elements in water that are known to be essential for
human health (Zolnikov 2013). A lack of these
essential substances that lead to poor health and
Figure 13: Coliform bacteria—the key immune-deficiencies, which make people more
“indicator species” for fecal contamination and susceptible to water-borne pathogens (Zolnikov
potential fecal-oral disease transmission (such
as cholera), is present in tap water even after 2013). There has also been an increased incidence
harsh chemical treatment—rendering it of cholera associated with coliform growing in the
potentially unsafe even for hand-washing.
mucus membranes of fish that are stressed due to
high heat and poor water quality. When people handle and consume these fish, they are
infected with coliform (Pournelle 2017). The World Health Organization, UNICEF and
UN Settlements Program are all working to improve water quality, sanitation systems and
health infrastructure in Iraq (Zolnikov 2013). The efficacy of these programs in developing
water improvement and monitoring systems needs to be investigated. MaRSHiI and other
researchers are exploring the possibly of integrating these water improvement programs
with the construction of wastewater treatment marshes.
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Cultural Management of Resources
One view of the cultural management of water resources in southern Iraq suggests
that sustainable marsh and water use is (or was) ingrained in the local culture. For
millennia, southern Iraq was dominated by a series of “aquatic civilizations… which [used
wetlands by] adapt[ing] to their surroundings of water-abundant floodplain and deltas”
(Mitsch and Gosselink 2015:479). Agrarian and urban communities depended on the
ecosystem services provided by the marshes, and successfully used the marsh ecosystem
without irrevocably degrading or destroying it. However, the presence of the marshes
created a moral hazard situation, in which denizens did not worry about conserving water
or developing sanitation systems. When the ecosystem that was the basis of their existence
was ripped from under them, southern Iraqis struggled—and continue to struggle—with
how to develop replacement water management systems.
A series of interviews with a group of Iraqi PhD students at UofSC, many from
southern Iraq, explored Iraqi perspectives on ecosystem services, wastewater re-use, and
wetlands restoration in Iraq, and asked how the goals and research interests of those
individuals could relate to wetland restoration (Dyck 2017). Many interviewees initially
saw no relationship between their interests and research and the environmental problems
in southern Iraq. Furthermore, while they recognized that marsh desiccation and water
pollution were serious problems, they were skeptical of any proposed solutions for
addressing the problem. A group of these students visited Phinizy Swamp and learned how
it functioned. When it was suggested that a similar system could be used to treat wastewater
in Basra, all were surprised and many dismissive of the idea that a treatment marsh could
be constructed in southern Iraq. The general assumption that restoration of marshes in Iraq
is impossible reflected a lack of knowledge about marsh restoration strategies and a general
cultural lack of engagement with marsh restoration.
However, as a result of the interviews and visit to Phinizy, as well as an introduction
to MaRSHiI, three interviewees now explicitly wish to assume key roles in developing
research relationships and implementing constructed wastewater treatment implementation
in Iraq. Through the interview process, another seven came to understand the connectivity
between integrated ecosystem services, wastewater management, their own disciplines,
and overall quality of urban life in Iraq (Dyck 2017). This interview series underscored the
importance of engaging with local community members—professors, farmers, oil field
managers and the indigenous Marsh Arabs—in the development of wastewater treatment
marshes. Ultimately, any project requires buy-in from and management by local people.
They need to understand the function and benefits of a treatment marsh and aquaponics
system, and need to have tangible incentives to support and manage it.
The desiccation of the Awhar resulted in the destruction of Marsh Arab
communities. When the marshes were drained, the communities residing in them were also
attacked. The population of the marshes fell from 400,000 to 80,000 people, and many of
those who fled ended up living as refugees on the outskirts of cities like Basra. The
destruction of these communities also resulted in loss of the traditional ecological
knowledge that informed their culture, way of life and unique ecological management
practices (Fawzi et al. 2016). The marsh-dweller culture had a reciprocal relationship with
the marsh environment. Marsh dwellers followed phenological cycles to determine when
to harvest or burn, practiced intercropping farming methods, and had a complex system of
patch management. They had extensive information about the medicinal and culinary uses
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of marsh flora (Fawzi et al. 2016). A study of the lifestyles and activities of Marsh Arab
women found that younger women raised after the drying of the marshes participated in
few of the ecological management and traditional social activities that older women
participated in (or had participated in prior to the draining of marshes) (Fawzi et al. 2016).
Those economic activities included gathering reeds, fishing, assisting with animal
husbandry and agriculture, selling products at the market, and collecting medicinal herbs;
they gave women social status and important roles to play in Marsh Arab society. By
contrast, women in post-desiccation communities reported that they mostly perform
domestic chores, and leave financial support of the family to men. Security concerns
coupled with increased Islamic conservatism have resulted in this shift (Fawzi et al. 2016).
The transition of Marsh Arabs from living in the marshes to living in cities has not
only resulted in loss of social status and authority for women. The loss of their culturally
and economically significant resources has resulted in the loss of traditional ecological
knowledge in marsh dwelling communities, because that knowledge is no longer passed
on to the next generation, which does not perform the same kinds of activities. Effective
restoration and long-term management of marshes should draw on and engage the rapidlyvanishing traditional ecological knowledge of the Marsh Arabs. Restoration of marshes
and the development of aquaponics and aquaculture systems may be a mechanism to
provide more opportunities for marsh dwellers, especially women (Fawzi et al. 2016).

Conclusion
The destruction of the marshes of southern Iraq was one of the greatest ecological
disasters in history, and restoring the Awhar will require many years and an array of people
and technology. While developing wastewater treatment marshes and aquaponics are just
one small piece of the puzzle, using marshes to treat wastewater and farm fish will address
one of the largest problems in southern Iraq (poor water quality), and provide an economic
incentive through fish and reed production. The project can and should engage community
members and, as it expands, incorporate traditional ecological knowledge of marshdwelling communities.
This project could provide a model for other degraded and destroyed wetland
ecosystems globally, in places like China (Ma, Liu, and Wang 1993) and Vietnam. The
story of the Mesopotamian Marshes also provides a cautionary tale in favor of protecting
wetland areas such as the Pantanal (Junk and Cunha 2005) and invoking rules like the
Ramsar Convention to keep those resources intact.
The next step is to build an integrated wastewater treatment marsh and aquaponics
test system at the University of Basrah. The goal of this document is to serve as a reference
for that process, providing context, an overview of the available literature and data, and
necessary tests and additional data. It will be distributed to MaRSHiI participants, regional
collaborators, implementing institutions throughout Iraq, and potential funders for the
implementation of wastewater treatment marshes and aquaponics in Iraq.
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